SUMMARY
The rate of onset of neuromuscular block is determined by the rate at which a pharmacologically effective concentration is achieved in the biophase, in this case the neuromuscular junctional cleft [1] . This is influenced by the dose of drug, its pharmacokinetic profile (volume of distribution, buffering by nonspecific binding to mucopolysaccharides and elimination half-life), the rate of association with cholinoceptors, the rate of perfusion of the junctional cleft and drug potency [2] .
The rate of equilibration between plasma and junctional cleft concentrations is governed by the dose of neuromuscular blocker, the speed of injection (bolus effect) and by the amount of muscle perfusion. Muscle perfusion may be affected by altered cardiovascular physiology, particularly during the period of induction of anaesthesia.
Enhanced muscle blood flow has been shown to shorten the onset time of neuromuscular block [3] , whilst decreased muscle perfusion secondary to hypothermia or low cardiac output delays onset time [4, 5] .
Most research into the onset of neuromuscular block for different neuromuscular blockers has been comparative. This paper presents data from a randomized prospective study, designed to test the hypothesis that etomidate, with its favourable haemodynamic characteristics, may be associated with a shorter onset time of neuromuscular block compared with other i.v. induction agents.
PATIENTS AND METHODS
The study was approved by the Hospital Ethics Committee. Thirty ASA class I or II patients gave informed consent for the study and were allocated randomly to one of three groups, to receive thiopentone 5 mg kg" 1 , etomidate 0.3 mg kg" 1 or propofol 2.5mgkg~\ The patients were aged 18-65 yr, weighed 50-110 kg, and were undergoing elective surgical procedures. We excluded any patient suffering from cardiovascular or neuromuscular disorders, or taking medications which might interfere with normal cardiovascular physiology or neuromuscular transmission.
Premedication consisted of oral temazepam 10-20 mg and metoclopramide 10 mg. Before i.v. induction, baseline mean arterial pressure (MAP) and heart rate (HR) were recorded using a Datascope Accutorr 3Sat non-invasive pressure and pulse oximeter monitor. MAP and HR were used as indirect indicators of muscle perfusion. The different i.v. induction agents were administered into a fast flowing infusion of sodium chloride over 5-10 s. After i.v. induction, the ulnar nerve was stimulated supramaximally using surface electrodes at the wrist, with repetitive train-of-four stimuli. The evoked compound electromyogram of thumb adduction was recorded using a Datex Neuromuscular Transmission Monitor (NTM). After baseline calibration of this device, vecuronium 0.1 mg kg" 1 was administered over 5 s.
MAP and HR were measured non-invasively and recorded every 1 min until 100% depression of the first twitch of the train-of-four was observed. During this time anaesthesia was maintained with 50% nitrous oxide in oxygen. The results were analysed with the Systat statistical package (Systat Inc, Evanstone II), using a two-way analysis of variance and linear contrast to calculate the differences between the three groups. Differences were taken to be statistically significant at P < 0.05. Results are expressed as mean (SEM) .
RESULTS
There were no significant differences between the three groups (table I) .
Maximum changes in MAP and HR that occurred between induction and maximal block (100% depression of the first twitch of the train-of-four) were calculated as percentage of baseline value (table II) .
Patients in the etomidate group had a significantly shorter onset time than patients in the two other groups (P < 0.05). There was a significant difference in the maximum percent change in MAP between all three groups (P < 0.001). In addition, there was a significant negative correlation between onset time and the maximum percent change in MAP ( fig. 1 ) (r = -0.56, P< 0.001).
DISCUSSION
Onset time of neuromuscular block may be influenced by-several-factors-Standardization of anaesthetic technique is important before any effective comparison is made. In particular, the starting point and end-point in the measurement of onset time, the mode of neuromuscular monitoring and the anaesthetic agents used should be clearly defined.
Previous research has shown significantly shorter onset times during nitrous oxide-opioid [6] and nitrous oxide-volatile agent [7] anaesthesia than those associated with thiopentone alone.
In this study the patients received only nitrous oxide and oxygen during the study period. Supplementary opioids and volatile agents were given when the study was complete. Vecuronium was chosen as the neuromuscular blocking drug as it has been shown to have virtually no cardiovascular effects [8] . These anaesthetic agents were selected to minimize changes in haemodynamic variables in order to highlight the effect of the induction agent on the cardiovascular system.
Both thiopentone and propofol in equipotent doses have been shown to have adverse cardiovascular effects, secondary to decreased cardiac output and peripheral vasodilatation. Propofol may be the more haemodynamically unstable of the two drugs [9, 10] . In contrast, etomidate has been shown to have a very stable cardiovascular profile when used for i.v. induction [11] . Furthermore, it has been suggested that etomidate potentiates the non-depolarizing blocking effects of pancuronium [12] .
In conclusion, the results of this study suggest that the onset of neuromuscular block may be affected by the amount of muscle perfusion, which in turn can be affected by the choice of i.v. induction agent. If rapid intubation of the trachea is required with a non-depolarizing neuromuscular blocking drug, etomidate may be the induction agent of choice, because of its favourable haemodynamic characteristics.
